A novel automated procedure was used to study imitative learning in pigeons. In Experiments 1 and 2, observer pigeons witnessed a demonstrator pigeon successfully performing an instrumental discrimination in which different discriminative stimuli indicated which of 2 topographically distinct responses (R1 and R2) resulted in the delivery of seed. The observers were then presented with the discriminative stimuli and given access to the response panel. Observer pigeons' behavior during the discriminative stimuli was influenced by how the demonstrator had responded during these stimuli. In Experiment 3, observers witnessed demonstrator pigeons performing R1 for Outcome 1 and R2 for Outcome 2. Observers then received a procedure designed to devalue Outcome 1 relative to Outcome 2 and were subsequently less likely to perform R1 than R2. These results suggest that pigeons can learn both stimulus response and response-outcome associations by observation.
Imitative learning is often considered to be commonplace in humans, but the issue of whether or not nonhuman animals exhibit anything akin to imitation has remained controversial (see Heyes & Ray, 2000; Romanes, 1884) . At least part of the enduring interest in imitation in animals reflects the possibility that it is distinct from other forms of (associative) learning. How can a response enter into an association without being performed by the animal itself (Pearce, 1997) ? As it transpires, there are a number of relatively simple processes that might underlie some examples of imitation in animals (see below). However, Dorrance and Zentall (2002) have reported a series of experiments that are more resistant to an analysis in terms of the operation of such processes. In the first experiment reported by Dorrance and Zentall (2002) , one group of pigeons (the observers) watched demonstrator pigeons already proficient at a conditional discrimination receiving further training on that discrimination. For example, while a white houselight was illuminated the demonstrator pecked at a treadle and thereby gained access to grain (i.e., white[peck3grain]), and while a green house light was illuminated the demonstrator stepped on the same treadle to gain access to grain (i.e., green [step3grain] ). The observers then received conditional discrimination training. One group of observer pigeons (the "consistent group") received the same contingencies that had been in force for the demonstrator (e.g., white[peck3grain] and green [step3grain] ) and a second group (the "inconsistent group") received the reverse contingencies (e.g., white[step3grain] and green [peck3grain] ). In this experiment, the consistent group acquired the discrimination no more rapidly than the inconsistent group. However, the results of two additional experiments did reveal evidence of imitative learning in pigeons. Here, the observer pigeons first received conditional discrimination training (e.g., white[peck3grain] and green [step3grain] ) and then received a reversal of that discrimination (e.g., white[step3grain] and green [peck3grain] ). Prior to each reversal training session one group of observers (the consistent group) watched a demonstrator successfully performing the reversed discrimination (i.e., white[step3grain] and green [peck3grain] ) and a second group (the inconsistent group) saw a demonstrator performing the same discrimination that they had originally received (i.e., white[peck3 grain] and green [step3grain] ). In these experiments, the consistent group acquired the reversal more rapidly than the inconsistent group. This finding clearly indicates that the observers were sensitive to how the demonstrators were responding during the discriminative stimuli and, in particular, whether the demonstrators were responding during the discriminative stimuli in a way that matched the now-reversed contingencies for the observers. Dorrance and Zentall's (2002) findings are not easily explained in terms of a variety of nonimitative learning processes that have plagued the interpretation of previous studies of imitative learning. For example, their procedure provides an elegant control for stimulus enhancement (Galef, 1988; Spence, 1937) and local enhancement (Roberts, 1941; Thorpe, 1956) . Stimulus enhancement and local enhancement refer to the notion that when a demonstrator interacts with a particular stimulus or location, then the observer will be more likely to interact with that stimulus or approach that location in the future (see also Coleman & Mellgren, 1997; McQuoid & Galef, 1992; Sherry & Galef, 1984) . In Dorrance and Zentall's procedure the demonstrator's pecking and stepping responses are made to the same stimulus (the treadle), but in the presence of different discriminative stimuli (i.e., the white and green houselights). Thus, any tendency for the demonstrator's behavior to produce stimulus or local enhancement should be equivalent in the two groups of observers (consistent and inconsistent): Both groups observed both responses (pecking and stepping) being directed toward the same treadle, and therefore, any simple process of stimulus or local enhancement should have affected the two groups to the same extent. Similarly, both groups observed one or the other of the two responses being performed during the two discriminative stimuli, and therefore, any tendency for stimulus or local enhancement to have become conditioned to the two discriminative stimuli should be equivalent in the two groups.
The procedure used by Dorrance and Zentall (2002) is clearly an effective way to generate a form of imitative learning that is uncontaminated by a variety of simple learning processes. However, their procedure appears to have a distinct shortcoming: The two responses that the pigeons performed, pecking and stepping, appeared to have been both shaped and maintained by the experimenter delivering differential reinforcement (see Dorrance & Zentall, 2002, p. 278) . That is, the procedure was not automated. It is also worth noting that many studies of social learning in birds also have used procedures that have not been automated (see, e.g., Akins, Klein, & Zentall, 2002; Akins & Zentall, 1996; Campbell, Heyes, & Goldsmith, 1999; Fawcett, Skinner, & Goldsmith, 2002; Heyes & Saggerson, 2002) . Although the potential for experimenter bias and error can be reduced if the appropriate safeguards are in place (see Dorrance & Zentall, 2002, p. 278) , it remains the case that nonautomated procedures are very labor intensive. One of the aims of the experiments described here was to replicate and extend the results reported by Dorrance and Zentall (2002) using an automated procedure. A second aim of these experiments was to examine the behavior of the observers during the observation period. To the best of our knowledge, studies of imitative learning have not examined the observers' behavior during observations and yet this behavior is clearly of interest both in its own right and because it bears on one theoretical analysis of the imitative learning effects described by Dorrance and Zentall (2002) . Dorrance and Zentall (2002) discussed the possibility that their results might be based on the operation of a "releaser" mechanism (see also Byrne, 1999; Suboski, 1990) . They noted that when a pigeon observes a conspecific pecking (or stepping), this might serve, in some way, to release the same pattern of behavior in the observer. The tendency for pigeons to engage in some behaviors (e.g., pecking) at the same time might be innate or hardwired. Alternatively, synchronous behavior might reflect a process of learning that relies on the fact that previous occasions on which a pigeon has engaged in a given behavior of another pigeon (e.g., pecking at grain in a food hopper have been rewarded in the presence of another pigeon executing the same response). These conditions would allow a memory of the sight of a pigeon executing a specific pattern of responding to become linked to the observer pigeon's motor program for executing the same or a similar response and thereby allow the future sight of a pigeon pecking to elicit that response in the observer (see Heyes & Ray, 2000, pp. 235-240 ; see also Laland & Bateson, 2001; Miller & Dollard, 1941, pp. 94 -95) .
In Dorrance and Zentall's (2002) procedure, if the observer sees the stimulus presented to the demonstrator (e.g., white light) and the demonstrator's behavior (e.g., pecking) evokes matching behavior in that observer (e.g., pecking), then this could strengthen an association between the representations of white light and the motor program for pecking (see Guthrie, 1935 ; see also Honey, Good, & Manser, 1998; Honey, Watt, & Good, 1998) . The operation of this type of process would serve to strengthen (stimulus3 response) associations that are compatible with the test discrimination in group consistent, but strengthen associations that are incompatible with the test discrimination in group inconsistent. Pigeons in group consistent should, therefore, perform more accurately the test discrimination than those in group inconsistent. This analysis makes a straightforward prediction: The observers' behavior should match that of the demonstrator being observed. Given the absence of any evidence concerning the behavior of observers during the observation periods, we assessed the accuracy of this prediction by video taping and analyzing this behavior during the initial observation periods of each experiment.
In Experiment 1 we replicated the first experiment reported by Dorrance and Zentall (2002) in which, as we have already indicated, there was little evidence of imitative learning. We reported results of our Experiment 1 to confirm that observation will be less likely to produce imitative learning effects in the absence of the observer pigeons receiving prior conditional training themselves. As we shall see, this fact turns out to have some important theoretical implications. Also, Experiment 1 allowed us to validate our new automated training procedure. In Experiment 2 we attempted to replicate Dorrance and Zentall's (2002) successful demonstration of imitative learning and examined their interpretation of imitative learning. Notwithstanding the accuracy of this interpretation, however, it remains the case that their results indicate that pigeons can encode stimulus-response mappings (Stimulus 13 Response 1 and Stimulus 23 Response 2) as result of observing another pigeon responding.
Thus far we have assumed that the mnemonic structures that underlie pigeons' imitative learning and performance are, in essence, stimulus3response associations. However, the results described by Dorrance and Zentall (2002) certainly do not preclude the possibility that pigeons might be capable of learning response3outcome associations through a process of observation. For example, in their experiments the observer pigeons might have acquired the associative chain: stimulus3response3outcome. In Experiment 3 we directly assessed whether pigeons can learn specific response3outcome associations (e.g., Response 13 Outcome 1 and Response 23 Outcome 2) as a result of observing a pigeon performing Response 1 followed by Outcome 1 and Response 2 followed by Outcome 2. To test this, pigeons observed a demonstrator receiving these pairings, and then the observers received a procedure designed to devalue Outcome 1 relative to Outcome 2. The question of interest was whether this devaluation procedure would influence the likelihood of the observers performing Responses 1 and 2. If observer pigeons performed Response 1 less frequently than Response 2, then this would indicate that specific response3outcome associations had been (a) acquired through observation and (b) influenced by reinforcer devaluation in the same way as associations acquired through direct experience (see Adams & Dickinson, 1981) . Previous research has shown that demonstrators that are not receiving reinforcement for responding are less effective models than those that are receiving reinforcement (Akins & Zentall, 1998) , and additional research has indicated that if observers are not food deprived during observation (and test), then they do not show imitative responding (Dorrance & Zentall, 2001) . These results are consistent with the possibility that observers might be sensitive to the relationship between the demonstrator's response and the reinforcer that follows it. Experiment 3 provides a direct assessment of the suggestion that animals can acquire response3outcome associations as a result of observational experience.
Experiment 1
Initially, all pigeons were trained to retrieve seed from the seed hopper, and then the demonstrators were hand shaped to peck at and step on a floor-mounted sprung panel. Subsequently, the demonstrators were trained on a conditional discrimination in which pecking this panel was rewarded during the presentation of one discriminative stimulus (e.g., red light) and stepping on the same panel was rewarded during another (e.g., green light). During the conditional discrimination, the duration of the depressions of the panel were automatically recorded by a computer; those that were less than or equal to 150 ms were designated pecks, and those that were longer than 150 ms were designated steps. This threshold was selected on the basis of pilot work that suggested that it would discriminate between the two types of response. We also confirmed that there was good agreement between the automated scores and the demonstrators' behavior by videotaping their behavior in two sessions of conditional training that took place following the completion of observer testing.
Following the final session of demonstrator training, observers were placed in a Perspex box in front of the chamber in which one of the now proficient demonstrators was receiving a further session of conditional discrimination training. The observers' behavior during the first two observation sessions was videotaped, and their tendency to engage in pecking and stepping behaviors during the discriminative stimuli was subsequently scored. These sessions were chosen because any "releasing" effects of the demonstrator pigeons' behavior were expected to be evident during these early sessions of observation training. If, however, the observer pigeons' behavior came to match that of the demonstrator only after many sessions of training, then there would be an ambiguity about whether the effect was a product of the releasing effect of the demonstrator's behavior or was, in fact, the product of some other, unspecified process of (social) learning that had taken place over the course of training. After every second observation session the observers were given a test in which they were placed in the demonstrators' chamber and received presentations of the two discriminative stimuli in the absence of the demonstrator and with free access to the panel. Seed was not presented during these sessions. The automated software recorded the durations of the observers' panel depressions during the two stimuli. We also videotaped the observers' behavior, because this would allow us both to assess the fidelity of the automated scoring system and to provide a further assay of the observers' behavior during the test sessions. If the observer pigeons were capable of learning a conditional discrimination by observing a proficient demonstrator receiving discrimination training, then presenting the observer with the discriminative stimulus for pecking should have provoked pecking in the observer, and presenting the discriminative stimulus for stepping should have provoked stepping. It should be noted, however, that Dorrance and Zentall (2002) did not find evidence of imitative learning using a procedure that resembled Experiment 1, that is, one in which the observers had received no initial training on the conditional discrimination. Consequently, we did not anticipate that there would be robust imitative learning in Experiment 1.
Method Subjects
Twenty pigeons (Columba livia) were used (7 male and 13 female). The four pigeons that served as demonstrators had previously taken part in an autoshaping procedure, but the 16 observers were naive. They were maintained throughout the experiment at approximately 80% of their freefeeding weights (M ϭ 382 g; range ϭ 327-444 g). The pigeons were housed in pairs in a vivarium that had a 12-hr light-dark cycle. Experimental sessions took place during the light phase of the cycle, between 0900 and 1930.
Apparatus
All hopper training, demonstrator training, and observer testing occurred in a standard operant chamber (Campden Instruments Ltd., London, United Kingdom) measuring 35 ϫ 35 ϫ 35 cm (height ϫ width ϫ depth). The left side wall was made of aluminum, in the center of which was a squareshaped aperture (6 ϫ 5 ϫ 4 cm; height ϫ weight ϫ depth) through which seed could be accessed by the elevation of a seed hopper positioned behind the wall. The seed well could be illuminated with either red or green light by the operation of two colored light bulbs (24 V, 0.12 A) positioned within it. A transparent Perspex door served as the front wall, and the rear right-hand wall and ceiling were constructed from aluminum with a white finish. Each chamber had a wire mesh floor beneath which was placed absorbent paper. An elliptical plastic panel (8.5 ϫ 11.8 cm; gauge: 2 mm) was attached by a metal bar to a microswitch that was set into a circular wooden base (9-cm diameter, 2-cm height). The panel and the base were both painted dark gray and in their resting states were separated by a maximum of 1 cm. The maximum height of the panel was 4.3 cm, and a 3-cm shield fixed around the circumference of the base ensured that lateral movement of the panel was kept to a minimum and also partially obscured the depressions of the panel. A 5-mm depression of the panel actuated a microswitch that initiated a timer, which stopped when the panel returned to its resting state. A low level of ambient illumination was provided by an angle-poise lamp (with a 60-W bulb) that was positioned above the demonstration chamber. Adjacent to the demonstration chamber (approximately 8 cm away) was an observation chamber that was of a similar size (30 ϫ 29 ϫ 27 cm) but was made entirely of transparent Perspex. This chamber had a white chipboard floor that was lined with absorbent paper. The observers were placed in the chamber through a Perspex door that served as one of the walls. The observers could view the demonstration chamber through the transparent Perspex. All demonstration and test sessions were videotaped with a color video camera (Panasonic VHS camera, Model NV-M40 HQ, Panasonic, Secaucus, NJ), positioned 90 cm from the observation chamber.
Procedure
Demonstrator training. Pigeons were first trained to feed from the seed hopper. In the first session of training the hopper was raised continuously; in the subsequent three sessions the duration of hopper presentations was reduced to 3 s, and these presentations were delivered according to a fixed-time 40-s schedule. Throughout the remainder of the study the seed hopper presentations were 3 s. During the 5th-12th sessions the response panel was introduced and the demonstrators were hand shaped to peck and step on the panel by the method of successive approximations. During this period of training, each peck and step resulted in the delivery of seed. The panel was in a fixed central position adjacent to the Perspex door; the end of the panel that was not attached to the base faced the seed hopper. Once the pigeons had been hand shaped in this way, they were transferred to an automated procedure for the following twenty 33-min sessions. In each session of training, the pigeons received ten 60-s presentations of each of the discriminative stimuli (i.e., the illumination of the red and green lights in the seed hopper) that were delivered according to a pseudorandom sequence with the constraint that there were no more than two trials of a given type in succession. The intertrial interval was variable around a mean of 40 s (range: 30 -50 s). For 2 of the demonstrators, responses of less than or equal to 150 ms (i.e., pecks) during the red light were followed by the operation of the seed hopper and responses of greater than 150 ms (i.e., steps) during the green light resulted in the operation of the seed hopper; for the other 2 pigeons, stepping during the red light and pecking during the green light were rewarded. For both responses the delivery of seed occurred once the panel had returned to its resting position; that is, once the microswitch had de-actuated. On the final five sessions of training, reinforcement was not available for responding during the first 20 s of each trial. The pigeons' behavior during these reinforcer-free periods allowed us to automatically assess the discriminative control exercised by the red and green lights independently of the delivery of reinforcement. The pigeons' peck and step responses during the two discriminative stimuli were converted into discrimination ratios of the following kind: rate of pecks during the stimulus in which pecking was rewarded, divided by the total rate of pecking during both stimuli; and rate of steps during the stimulus in which stepping was rewarded, divided by the total rate of stepping during both stimuli. A discrimination ratio greater than .50 indicated that the pigeons were making the designated response with greater frequency during the stimulus in which it was reinforced than during the other stimulus.
Observer training and testing. The observers were hopper trained in the same way as the demonstrators in the days immediately before observation training itself. Each observer saw the same demonstrator throughout the experiment. For half of the observers the demonstrator had been trained to peck during the red light and step during the green light and the remainder saw a demonstrator that had been trained on the reverse arrangement. During each observation session the demonstrator was first placed in the demonstrator chamber and the observer was placed in the observation chamber. The demonstrator then received a training session that was identical to those that it had received before and described above. There was one such session on each day, and observers received a test immediately after the second, fourth, sixth, and eighth observation sessions. Prior to each test the demonstrator was removed from its chamber and the observer was introduced into this chamber after a delay of Ϸ2 min. The panel was wiped with an alcohol wipe prior to each test. During each test session the observers received 4 presentations of the red (R) and green (G) lights that were presented in a counterbalanced order; for half of the pigeons in each of the two groups of observers created by the previous counterbalancing operation the order was RGGRGRRG, and for the remainder it was GRRGRGGR. No reinforcement was presented during the tests so that we could avoid the possibility, inherent if both responses were rewarded, that one type of response would be rewarded and then come to dominate performance during both stimuli. We recorded the pigeons' tendency to make short (Յ150 ms) and long (Ͼ150 ms) responses during the two lights. In particular, we were interested in whether they were more likely to make these different responses during the stimuli in which their demonstrator had done so. Imitative learning would be evident if the observer had discrimination ratios of greater than .50 during the test.
We were also interested in observers' behavior during the observation sessions. In a pilot study (in which the observers were not trained to peck at or step on the panel) we attempted to assess this behavior by placing a second floor-mounted panel in the observers' chamber. In general, this proved to be an ineffective strategy because the observers often simply treated the panel as a perch or interacted with it in such a way as to prevent its operation. Therefore, in Experiment 1 we videotaped observers' behavior during the observation sessions (and the tests). In the observation sessions, we scored the frequency with which the pigeons pecked and stepped during the red and green lights: A peck was recorded when the pigeon's beak either (a) came within 15 cm of the floor of the chamber or (b) made contact with any of the Perspex walls. The choice of 15 cm was made on the basis of pilot observations, which suggested that this allowed pecking to be readily distinguished from other responses and, in particular, head movements associated with locomotor activity. A step was recorded if one or the other of the pigeons' feet broke contact with the floor and then returned to the floor; hence "ordinary" walking was also counted as stepping. During the test sessions, the scorer recorded a peck each time the pigeon moved the panel with its beak and a step each time the pigeon moved the panel with its foot. One person who was blind with respect to the nature of the experiment scored all of the videotapes, and a second person (A. L. Saggerson) scored a randomly selected subset of the videotapes. The correlations between their scores for the rates of responding recorded in 20 consecutive 60-s epochs (that corresponded to the demonstrators' 20 stimulus presentations) were highly significant for each of the 3 pigeons that were examined and for both pecks and steps (mean r for the 6 correlations ϭ .90; all ps Ͻ .01).
Results

Concordance Between Automated and Video Scores for the Demonstrators
We calculated discrimination ratios for both the automated scores and the videotaped scores in two demonstrator training sessions that followed the final test session for the observers. Table  1 shows each demonstrator's discrimination ratios for these two sessions together with the rates of responding used to calculate these ratios. Inspection of this table shows that there is a close correspondence between the video scores and the automated scores for both the discrimination ratios and the rates of responding from which they were derived. The Pearson's product-moment correlations calculated for the 16 pairs of ratios and the 32 pairs of raw scores were significant (r ϭ .80 and r ϭ .98, respectively; ps Ͻ .01). The correlations that we calculated between the rates of pecking and stepping separately for the two measures were also significant (r ϭ .98 and r ϭ .96, respectively; ps Ͻ .01). These results confirm that our automated scoring system was an effective one.
Demonstrator Behavior During Training and During Sessions in Which They Were Observed
There was little difference between the automated pecking and stepping discrimination ratios of demonstrator pigeons during the final session of demonstrator training (pecking ϭ .86; stepping ϭ .80). The mean rates of nonreinforced responding (e.g., rate of pecking responses made on trials in which stepping was reinforced) from which these scores were derived were 3.83 rpm and 1.13 rpm for pecking and stepping, respectively. The demonstrators' discrimination ratios during sessions in which they were observed by another pigeon were very similar to these described above. Pooled across the eight observation sessions, the mean (automated) discrimination ratios for pecking and stepping were .82 and .74, respectively. The mean rates of nonreinforced responding were slightly higher than during training, with means of 6.62 rpm and 4.39 rpm for pecking and stepping, respectively.
Observer Behavior During Observation Sessions
Inspection of the pecking and stepping discrimination ratios, derived from the videotapes of observers during the first observation session, revealed that they were no more likely to peck during the discriminative stimulus for pecking than during the other discriminative stimulus (mean discrimination ratio ϭ .47) and were no more likely to step during the discriminative stimulus for stepping than during the other stimulus (mean discrimination ratio ϭ .53). Unsurprisingly, one-sample t tests revealed that neither the pecking nor the stepping discrimination ratios differed from .50, t(15) ϭ Ϫ1.01, p Ͼ .32, and t(15) ϭ 1.22, p Ͼ .24, respectively. The mean rates of nonreinforced responses from which these ratios were derived were 11.60 rpm (pecking) and 13.18 rpm (stepping). However, during the second observation session, whereas the stepping ratios did not differ from .50 (mean discrimination ratio ϭ .49), t(15) ϭ Ϫ0.39, p Ͼ .70, the pecking ratios differed from .50 (mean discrimination ratio ϭ .58), t(15) ϭ 2.16, p Ͻ .05. The mean rates of nonreinforced responding in the second session were 9.39 rpm (pecking) and 9.16 rpm (stepping).
Observer Behavior During Test Sessions
The discrimination ratios derived from the automated and videotaped scores are shown in the left-and right-hand panels of Figure 1 . The overall impression that inspection of these panels gives is that there is, once again, relatively good correspondence between the ratios derived using the automated and video scoreswith the discrimination ratios for pecking tending to be below .50 and those for stepping tending to be above .50. Statistical analyses of the automated scores revealed that the discrimination ratios for neither pecking nor stepping differed from .50, t(15) ϭ Ϫ.92, p Ͼ 0.37, and t(15) ϭ .075, p Ͼ .47, respectively. The raw rates of nonreinforced responding (from which these ratios were derived) were 1.31 rpm and 4.52 rpm for pecking and stepping, respectively. Statistical analyses of the videotaped scores revealed that, whereas the discrimination ratios for pecking did not differ from .50, t(15) ϭ Ϫ0.60, p Ͼ .56, those for stepping did differ from .50, t(15) ϭ 2.10, p ϭ .05. The raw rates of nonreinforced responding used in the calculation of these ratios were 1.75 rpm for pecking and 9.06 rpm for stepping. The fact that a significant effect was only detected using scores derived from the video footage might reflect the fact that if the panel remains sufficiently depressed between steps, then the automated apparatus is less likely to record a series of steps in succession than is a human observer.
Discussion
The results of Experiment 1 show that our automated procedure for training a conditional discrimination is an effective one and that it is possible to distinguish between pecking and stepping by making use of a temporal threshold. Inspection of the video footage from the observation sessions revealed some evidence that the observer pigeons tended to distribute their pecking in the same way as the demonstrator, but this was restricted to the second observation session, but the same was not the case for stepping. However, like Dorrance and Zentall's (2002) experiment that used a similar design, we found little evidence of imitative learning during the test. There was some evidence that our observer pigeons had learned something during the observation sessions-they were more likely to step during the discriminative stimulus for stepping than during the discriminative stimulus for pecking. This effect must, however, be treated with some measure of caution because (a) it was only evident using the scores derived from video footage and (b) the effect of observation on pecking was, if anything, in the opposite direction. In the second experiment we used a procedure that is more similar to that used in the successful experiments that Dorrance and Zentall (2002) reported, in the hope that this would increase the likelihood of securing better evidence of imitative learning.
Experiment 2
Both the pigeons and the apparatus used in Experiment 2 were the same as in Experiment 1. The design of Experiment 2 is summarized in Table 2 . All observers first received conditional discrimination training of the kind described in Experiment 1 (e.g., red light [pecking3food] and green light [stepping3food]). The observers then watched proficient demonstrators receiving either further training on the same discrimination as they had been pretrained on (for the consistent group; i.e., red light [pecking3food] and green light [stepping3food]) or the reverse of that discrimination (for the inconsistent group; i.e., red light [stepping3food] and green light [pecking3food]). After the observation session pigeons in both groups received presentations of the discriminative stimuli and we recorded their tendency to peck and step. These test sessions were conducted in the same manner as those in Experiment 1. On the basis of the results of a similar study conducted by Dorrance and Zentall (2002) , we anticipated that during the test pigeons in the consistent group would continue to perform as they had done during training but that those in the inconsistent group would be less likely to do so. That is, we expected the discrimination ratios for the consistent group to be greater than those for the inconsistent group.
Method Subjects and Apparatus
Eighteen of the pigeons from Experiment 1 were used in Experiment 2 (2 demonstrators were removed). They were maintained throughout the experiment at Ϸ80% of their free-feeding weights. The apparatus was that used in Experiment 1.
Procedure
The observers (n ϭ 16) were first hand shaped to peck at and step on the panel in the same way as the demonstrators in Experiment 1. Each observer was then trained on the same discrimination as they had observed in Experiment 1. There were 18 sessions of conditional discrimination training. On the next day pigeons in the consistent and inconsistent groups received a single observation session that was immediately followed by a test session. The demonstrator was either successfully performing the same conditional discrimination as the observer had received (for group consistent) or a reversal of that discrimination (for group inconsistent; see Table 3). All observers in the inconsistent group and half of the observers in the consistent group saw a different demonstrator than they had seen in Experiment 1. The remaining observers in the consistent group saw the same demonstrator as they had seen in Experiment 1. There was no effect of demonstrator novelty in the consistent group either during observation or test, and the results for the consistent group were, in the interest of brevity, pooled across this factor in the analyses presented below. In the test session observers received two presentations of each of the discriminative stimuli that were presented in a counterbalanced order (GRRG for half of the pigeons in each group and RGGR for the remainder). In Experiment 2 we used automated scores for the test sessions (and to monitor discrimination learning), but other details of the procedure that have not been mentioned were the same as Experiment 1.
Results
Demonstrator and Observer Behavior During Training
The mean discrimination ratios for demonstrators during their final session of training were .87 and .80 for pecking and stepping, respectively. The mean rates of nonreinforced responding from which these scores were derived were 1.75 rpm and 4.00 rpm for pecking and stepping, respectively. Also, by the final session of discrimination training, observer pigeons were performing at a high level, and there was little difference between those in the consistent group (mean discrimination ratio ϭ .85; pecking ϭ .93; stepping ϭ .74) and those in the inconsistent group (mean discrimination ratio ϭ .86; pecking ϭ .88; stepping ϭ .80). Analysis of variance (ANOVA) conducted on the ratio scores confirmed that there was no effect of group (F Ͻ 1). The mean rates of nonreinforced responding from which these ratios were derived were 1.12 rpm for the consistent group (pecking ϭ 0.41 rpm; stepping ϭ 1.83 rpm) and 1.61 rpm for the inconsistent group (pecking ϭ 1.36 rpm; stepping ϭ 1.85 rpm). ANOVA conducted on the scores on which these means were derived revealed that there was no effect of group, F(1, 15) ϭ 1.11, p Ͼ .31. 
Demonstrator and Observer Behavior During Observation
The demonstrators' behavior during the session in which they were observed by another pigeon was similar to that described above. The mean (automated) discrimination ratio for the demonstrators for the consistent group was .85 (pecking ϭ .95; stepping ϭ .76), and the corresponding mean for the demonstrators for the inconsistent group was .82 (pecking ϭ .94; stepping ϭ .70). The mean rate of nonreinforced responding from which these scores were derived was 2.53 rpm (pecking ϭ 0.88 rpm; stepping ϭ 4.18 rpm) for the consistent group and 2.37 rpm (pecking ϭ 1.00 rpm; stepping ϭ 3.75 rpm) for the inconsistent group.
Pecking and stepping discrimination ratios were derived from the video footage of the observers' behavior during the observation session. For each pigeon the ratio was calculated in the same way as for discrimination training. Using this form of calculation scores above .50 indicated that a pigeon was performing in the way it had done during conditional training whereas scores below .50 indicated that the pigeon was performing in a way that did not reflect how it had responded during training. The pecking ratios for the consistent group (M ϭ .55) were greater than the pecking ratios for the inconsistent group (M ϭ .43), F(1, 15) ϭ 5.26, p Ͻ .05. This finding implies that the observers were copying their demonstrators' behavior. The rates of pecking during the stimulus in which pecking had not been previously reinforced did not differ between the two groups (with means of 13.48 rpm for the consistent group and 21.36 rpm for the inconsistent group), F(1, 15) ϭ 3.29, p Ͼ .09. There was, however, no between-groups difference in the stepping ratios (consistent group ϭ .46 and inconsistent ϭ .50; F Ͻ 1). The rates of stepping during the nonreinforced stimulus did not differ between groups (with means of 16.64 rpm for the consistent group and 13.34 rpm for the inconsistent group; F Ͻ 1).
Observer Behavior During the Test Session
The discrimination ratios for the observer pigeons in the consistent and inconsistent groups are shown in Figure 2 . Inspection of this figure reveals that the discrimination ratios for pecking were similar to those for stepping. It is also apparent that the discrimination ratios in the consistent group are higher than those for the inconsistent group. ANOVA with group and response (pecking or stepping) as factors revealed an effect of group, F(1, 14) ϭ 4.60, p Ͻ .05, and no effect of response and no interaction between these factors (Fs Ͻ 1). The scores for the consistent group were significantly above .50 for both pecking and stepping ratios, t(7) ϭ 4.31, p Ͻ .01, and t(7) ϭ 4.41, p Ͻ .01, respectively; whereas those for the inconsistent group were not, t(7) ϭ 1.10, p Ͼ .30, and t(7) ϭ 2.01, p Ͼ .08, respectively. The rates of pecking during the stimulus in which pecking had not been previously reinforced did not differ between the two groups (with means of 1.75 rpm for the consistent group and 1.38 rpm for the inconsistent group; F Ͻ 1). Similarly, the rates of stepping during the stimulus in which stepping had not previously been reinforced did not differ between groups (with means of 0.75 rpm for the consistent group and 3.19 rpm for the inconsistent group), F(1, 15) ϭ 2.61, p Ͼ .12.
Discussion
The results of Experiment 2 reveal a clear imitative learning effect and serve to confirm the generality of the results reported by Dorrance and Zentall (2002) with an automated training procedure. The analysis of the observer pigeons' behavior during the observation stage lends some weight to one analysis of these results. According to this analysis the demonstrator's behavior during the observation stage (e.g., pecking) serves to evoke a similar pattern of behavior in the observer. If one then supposes that some correlate of the observer's behavior (e.g., the motor program responsible for its generation) becomes associated with the discriminative stimulus that is presented to both the demonstrator and observer (e.g., red light), then this would provide a basis for the finding that the consistent group behaved differently than the inconsistent group during the test: For observers in the consistent group the learning that occurs during observation will serve to complement what they had learned during training, whereas for those in the inconsistent group it would serve as a source of interference. The results of Experiment 2 clearly show that pigeons encode stimulus3response mappings as a consequence of being exposed to them. In Experiment 3 we sought to determine whether or not pigeons could learn response3outcome mappings as a result of observing them.
Experiment 3
The design of Experiment 3 is depicted in Table 3 . All pigeons were first trained to peck and step for standard seed in the same way as in Experiment 1. Subsequently, observers witnessed demonstrator pigeons receiving Outcome 1 (e.g., seed illuminated with red light) for performing Response 1 (e.g., pecking) and Outcome 2 (e.g., seed illuminated with green light) for performing Response 2 (e.g., stepping). The observers then received devaluation training designed to result in them valuing the color (e.g., red) of Outcome 1 less than that of Outcome 2 (e.g., green): They received presentations of one of the colored lights (e.g., red) that were not paired with the delivery of seed and presentations of the other colored light (e.g., green) that were paired with seed. The observers then received a test in which they were presented with the response panel. The question of interest was whether the observers would be less likely to perform Response 1, which they had observed paired with the outcome (e.g., red seed) that they should not now value, than Response 2, that they had observed paired with the outcome (e.g., green seed) that they should now value. 
Method Subjects and Apparatus
The demonstrator pigeons were those used as demonstrators in Experiments 1 and 2. A group of 16 naive pigeons (8 male, 8 female) served as the observers and were maintained throughout the experiment at Ϸ 80% of their free-feeding weights (M ϭ 358 g; range ϭ 302-500 g). The apparatus was that used in Experiments 1 and 2.
Procedure
Demonstrator and observer training. Prior to serving as demonstrators, the 4 pigeons from Experiments 1 and 2 received four 20-min sessions of training. In two sessions Response 1 (pecking or stepping) was reinforced by Outcome 1, and in the remaining sessions Response 2 was reinforced by Outcome 2. Outcomes 1 and 2 were created by illumination of the hopper with either green or red light for 6 s in total and operating the hopper during the final 3 s of this 6-s light presentation. For two demonstrators, pecking was reinforced by red seed and stepping was reinforced by green seed, and for the other two demonstrators the assignment of the two responses to the two outcomes was reversed. Prior to the observation stage, the observers were first hand shaped to peck and step by the experimenter. Each pigeon then received ten 20-min training sessions in which the delivery of reinforcement (a 3-s operation of the seed hopper) was controlled by the automated system. Each of these sessions was divided into four successive 5-min bins, and the response that was reinforced in each bin alternated across the session (e.g., peck, step, peck, step). If a given pigeon exhibited a marked preference to perform one response or the other, then it received a 20-min session of training in which the least preferred response was reinforced during three of the bins and the preferred response was reinforced in the remaining bin. By the 10th session of regular training we checked that observer pigeons were equally likely to produce Response 1 (which was associated with Outcome 1 during the subsequent observation stage) as Response 2 (which was associated with Outcome 2 during the subsequent observation stage). Also, given the fact that there was some individual variability in observer pigeons' tendencies to peck and step, the rates of responding during the final 10th session of training were used as baseline measures against which to assess the effects of the devaluation treatment.
Observation sessions. There followed 4 observation sessions. During each 30-min session, the demonstrator was reinforced for making one of the two responses, Response 1 or 2, with Outcomes 1 and 2, respectively. Half of the observers observed Response 1 in Sessions 1 and 3 and Response 2 in Sessions 2 and 4, and the remainder received the reverse arrangement. The identity of the responses that the pigeons observed as Response 1 and Response 2 was counterbalanced, as was the outcome that served as Outcomes 1 and 2. Thus for half of the observers pecking served as Response 1 and stepping served as Response 2, and for the remainder this arrangement was reversed. Similarly, for half of the observers in both of the subgroups created by the previous counterbalancing operation red seed served as Outcome 1 and green food served as Outcome 2, and for the remainder this arrangement was reversed. As in Experiment 1 we videotaped the first two observation sessions. Other details of observation training were identical to Experiments 1 and 2.
Devaluation and test sessions. In the next three sessions observer pigeons received training designed to leave one of the colored hopper lights with greater value than the other. To this end, pigeons received twenty 6-s presentations of each of the two colored hopper lights. For the initial 3 s of each hopper light presentation, the hopper was not operated. For the final 3 s of one of the hopper light presentations (Outcome 1), the seed hopper was not operated, whereas for the final 3 s of the other hopper light presentation (Outcome 2), the food hopper was operated. The sequence in which these outcomes were delivered was pseudorandom, with the constraint that no more than two trials in succession were of the same type; for half of the pigeons the sequence started with Outcome 1 (light plus no seed), and for the remaining pigeons the sequence began with Outcome 2 (light plus seed). Analysis of videotaped footage of the observer pigeons' behavior during these sessions revealed that by the third devaluation session, 15 of the 16 observers were less likely to approach the seed hopper during the first 3 s of Outcome 1 than during the first 3 s of Outcome 2. This approach behavior was scored by simply counting the number of occasions on which the pigeon's beak entered the hopper during these periods. The remaining pigeon did not acquire the discrimination and was therefore excluded from all of the statistical analyses that are reported below. Two identical test sessions were conducted on consecutive days. In both tests observers were placed in the demonstrator chamber for a 30-s acclimation period and were then free to respond to the panel during the 10-min test session. We monitored whether Response 1 or 2 was performed. During the tests no seed was presented and the hopper was not illuminated.
Results
Demonstrator and Observer Behavior During Training
The discrimination ratios (i.e., pecking during reinforced pecking bins divided by the rate of pecking during both pecking and stepping bins, or stepping during reinforced stepping bins divided by the rate of stepping during both pecking and stepping bins) for demonstrators during the final session of training were .88 and .80, for pecking and stepping, respectively. The mean rates of nonreinforced responding from which these scores were derived were 1.74 rpm and 1.55 rpm for pecking and stepping, respectively. The mean discrimination ratio for the observers in the final session of training was .65 (Response 1 ϭ .67 and Response 2 ϭ .62). ANOVA confirmed that the scores on which these means were based did not differ (F Ͻ 1). The raw rates of nonreinforced responding on which these ratios were based, with means of 5.54 rpm and 5.69 rpm for R1 and R2, respectively, did not differ significantly (F Ͻ 1).
Demonstrator and Observer Behavior During Observation Sessions
The mean discrimination ratios for the demonstrators over the four observation sessions was .77 (pecking ϭ .59, stepping ϭ .94; Stepping3green seed Green3seed
Response 1 ϭ .76, Response 2 ϭ .77). During these the observation sessions the rates at which the demonstrators performed nonreinforced Responses 1 and 2, with means of 1.12 rpm and 1.43 rpm, respectively were similar. Table 4 summarizes the observers' behavior during observation Sessions 1 and 2 during periods in which the hopper lights were illuminated (left side of slash) and periods in which they were not (right side of slash). The discrimination ratios were calculated by dividing the rate of responding of the same type as the demonstrator was being reinforced for (either pecking or stepping) by the total rate of responding (either pecking or stepping). The discrimination ratios are separated for pigeons that were observing pecking during the first session and stepping during the second session (pecking/stepping) and those that received the reverse arrangement (stepping/pecking). Inspection of Table 4 reveals that during the first observation session both types of ratios for pigeons that observed a demonstrator pecking differed little from .50, but that the ratios for pigeons that observed stepping were greater than .50. One-sample t tests conducted on the mean of the two types of ratios confirmed that whereas the ratios for pecking did not differ from .50, t(6) ϭ Ϫ1.94, p Ͼ .10, those for stepping differed from .50, t(7) ϭ 2.66, p Ͻ .05. During the second observation session the mean ratios were close to .50, and a parallel analysis to that conducted on the scores from the first session revealed that the scores from both groups of birds did not differ from .50, largest t(7) ϭ Ϫ0.54, p Ͼ .10. The overall rates of pecking and stepping in the two sessions, with means of 22.86 rpm and 27.36 rpm, respectively, did not differ significantly, F(1, 29) ϭ 3.27, p Ͼ .08.
Observer Behavior During Devaluation and Test Sessions
By the third session of devaluation training the observers were, with the one noted exception, all less likely to approach the seed hopper during the initial 3-s periods for Outcome 1 (with a mean of 4.13 rpm) than during the equivalent periods for Outcome 2 (with a mean of 18.93 rpm). ANOVA conducted on the scores on which these means were based confirmed that the difference was significant, F(1, 14) ϭ 194.58, p Ͻ .001. The results of central importance from Experiment 3 are shown in Figures 3 and 4 . Figure 3 shows pigeons' responding during the first three 10-s bins of Test 1. Inspection of this figure reveals that pigeons were, relative to baseline, consistently less likely to perform Response 1 than Response 2. ANOVA with response (1 or 2) and bin (1-3) revealed an effect of response, F(1, 14) ϭ 5.60, p Ͻ .05, but no effect of bin and no interaction between these factors (Fs Ͻ 1). Figure 4 shows the results from the first 30-s of Test 1 to the left of the results from the same period in Test 2. Inspection of this figure indicates that in Test 2 observers were less likely to respond than in Test 1, but that just as in Test 1 they were less likely to perform Response 1 than Response 2. ANOVA with response and test as factors revealed an effect of response, F(1, 14) ϭ 7.77, p Ͻ .02, an effect of test, F(1, 14) ϭ 10.43, p Ͻ .01, but no interaction between these factors (F Ͻ 1).
Discussion
The results of Experiment 3 suggest that pigeons can learn response3outcome associations through observation: Observers that have witnessed a demonstrator pecking for Outcome 1 and stepping for Outcome 2 are less likely to peck than to step if they value Outcome 1 less than Outcome 2. The nature of the outcomes that we chose allows us to be a little bit more specific about the nature of these response3outcome associations. The use of red and green lights in the seed hopper as the distinctive features of Outcomes 1 and 2 both enables the observers to readily detect the Note. The scores in the top row are for pigeons that observed pecking in the first session and stepping in the second session, and those in the bottom row are for pigeons that received the reverse sequence of observation sessions. The scores are calculated for periods in which the hopper lights were not illuminated (before slash) and illuminated (after slash).
different outcomes during observation and means that these outcomes are discriminable in terms of their sensory as opposed to their motivational properties (cf. Konorski, 1967) . The results of Experiment 3 suggest, therefore, that during observation observers are detecting the relationship between given responses and the sensory properties of the reinforcers that follow those responses (e.g., pecking3red and stepping3green); changing the motivational significance of the red and green lights during the devaluation stage simply serves to reveal that these associations have been acquired. This is not to say, of course, that pigeons cannot learn, through observation, the relationship between a response and the motivational significance of the outcome with which it is paired (cf. Akins & Zentall, 1998; Dorrance & Zentall, 2001) . Further research, perhaps using procedures that are logically similar to those of Experiment 3, is necessary to assess this suggestion directly. As in Experiment 2, the observer pigeons' behavior during the observation sessions provides some information regarding how such response3outcome associations might be acquired. Again, there was evidence consistent with the idea that, for example, when observers watch a pigeon peck, then they too will tend to peck. This will permit, for example, the motor program responsible for pecking to be linked to the representation of the outcome that followed the demonstrator's peck. However, even in the absence of video evidence showing response matching during observation, it would remain possible to maintain the same form of theoretical analysis: One would need to suppose only that activation of the motor program for a response brought about through observing a demonstrator perform that response is insufficient to result in its performance but is sufficient to result in a change in the link between the motor program and the representation of the outcome in Experiment 3 (and discriminative stimulus in Experiment 2). Indeed, that the nature of the response that was matched during observation did not appear to influence the likelihood that it was this response (or the other response) that was performed at test is consistent with this supposition. In any case, the finding that the observers' behavior was, to some extent, influenced during the observation phase itself by the nature of the demonstrators' behavior provides a measure of direct support for this general form of analysis.
Finally, it is worth considering an alternative interpretation for the results of Experiment 3 that does not require us to suppose that the observer pigeons acquired response3outcome associations during observation. Thus, arranging a relationship between a response and an outcome not only allows the formation of a link from the response to the outcome, but it could also allow the formation of a link from the outcome to the response. If the observation period allows the formation of Outcome 13 Response 1 and Outcome 23 Response 2 associations, then presenting Outcome 1 (e.g., red) during the devaluation stage might result in the production of Response 1, which would then be nonreinforced; this might then make it less likely that the observer would produce Response 1 rather than Response 2 during the test. The simplest way to assess the suggestion that outcome3response associations had formed during the observation period is to present Outcomes 1 and 2 (i.e., the red and green hopper lights in the absence of seed) to the observers following the observation period. If these outcome3response associations had been acquired, then the observers should be more likely to perform Response 1 during Outcome 1 than during Outcome 2 and should be more likely to perform Response 2 during Outcome 2 than during Outcome 1. We gave our observer pigeons such a test on the day that followed the second test in Experiment 3. In particular, we presented pigeons with four 60-s presentations of the red and green lights in a counterbalanced sequence and with a mean intertrial interval of 40 s. The pigeons were no more likely to perform Responses 1 and 2 during Outcomes 1 and 2, respectively (with a mean of 1.97 rpm), than they were to perform these responses during Outcomes 2 and 1, respectively (with a mean of 1.30 rpm; F Ͻ 1). Clearly, further work is needed to examine this alternative interpretation. However, on the basis of our preliminary findings, and consistent with conventional interpretations of reinforcer devaluation effects, it seems more likely that the effects observed in Experiment 3 reflected the formation of response3outcome associations than outcome3response associations.
General Discussion
The experiments reported here were motivated by a simple question: What do animals learn as a consequence of observing a conspecific receiving an outcome for performing a response? The results of our study indicate that when pigeons observe a conspecific in an instrumental conditioning procedure, they encode a number of relationships: first, the relationship between the demonstrator pigeon's response and the discriminative stimulus during which it was performed (Experiment 2; see also Dorrance & Zentall, 2002) ; second, that between the demonstrator's response and the consequences that follow that response (Experiment 3). We have already indicated that results of the form described here are not explicable by various simple learning processes. An obvious supplementary question to that posed above is whether these findings represent an instance of what Thorpe (1956) defined as true imitation: "By true imitation is meant the copying of a novel or otherwise improbable act or utterance, or some act for which there is clearly no instinctive tendency" (p. 122). The answer to this question is clearly that these findings do not represent an instance of true imitation. The observer pigeons in Experiments 2 and 3 received training that resulted in them performing the responses that they subsequently observed, and when they had not received such training there was little evidence of imitative learning (Experiment 1). We now proceed by evaluating the possible basis for the results of Experiments 1-3.
We have already described an analysis for our results that relies on the assumption that observing a demonstrator perform a response results in the motor program for that response becoming active in the observer: This would allow the motor program to become linked to (a) a representation of the discriminative stimulus during which the demonstrator is reinforced for performing the corresponding response (Experiment 2; stimulus3response learning or stimulus3response3outcome learning) or (b) a representation of the outcome that follows the demonstrator executing that response (Experiment 2; response3outcome learning). The video footage from the observation sessions in Experiments 1-3 provided direct support for this analysis-observers' tendency to engage in a particular behavior coincided with occasions on which the demonstrator was engaging in similar behaviors. However, one issue remains to be considered in detail: How does the motor program for one response (e.g., pecking a panel) come to be activated by the sight of another pigeon performing that response during the observation stage; that is, how is response facilitation or contagious responding generated?
One possible way in which such response facilitation or contagion might be brought about is through a process of learning, but one that takes place outside of the confines of the experiment. For example, in the home cage there will be ample opportunity for pigeons to learn that in the presence of a cage mate pecking in a food hopper, performing pecking (but not stepping) will be rewarded, and similarly, to learn that in the presence of a cage mate walking toward the hopper, walking is more likely to be rewarded than pecking (see Heyes & Ray, 2000 ; see also Miller & Dollard, 1941, pp. 94 -95) . Of course, for this learning to affect imitative learning during the current experiments there must be generalization from the sight of a cage mate pecking in a food hopper to the sight of a demonstrator pecking a floor-mounted panel; that is, imitative learning will be constrained by the degree of stimulus generalization between the sight of these two actions. In the context of this constraint the results of Experiment 1 become more interesting. It will be remembered that in this experiment observers were not pretrained to respond to the floor-mounted panel, and there was little evidence of imitative learning (see also Dorrance & Zentall, 2002) . It seems possible that establishing these specific responses as part of the observer pigeons' behavioral repertoire through training might have enabled or mediated generalization between what had been learned in the home cage and what was observed in the observation sessions. For example, pretraining the observers might have enabled links to form between the motor programs for pecking the panel and the similar response of pecking in the hopper. In shaping the specific panel pecking response, the existing response program for pecking in the hopper might become active and the two response programs linked. This would allow the sight of the demonstrator pecking the panel to activate the observer's motor program for pecking in the hopper (through a process of simple stimulus generalization) and thereby allow the motor program for pecking the panel to be activated by association (see Heyes & Ray, 2000, pp. 235-240) .
In summary and conclusion, the results of our experiments suggest that pigeons can acquire stimulus3response (or stimulus3response3outcome) associations as a consequence of witnessing a conspecific performing a particular response during a particular stimulus. Furthermore, they suggest that pigeons can learn response3outcome associations as a result of exposure to a conspecific receiving an outcome following execution of a particular response. We have described a simple account for these findings that rests on two simple assumptions: The motor programs for some responses can be activated by the sight of a conspecific performing these (or similar) responses, and these motor programs can become linked to the representations of discriminative stimuli and outcomes that are presented to the demonstrator and witnessed by the observer. It remains an open issue as to whether it will become necessary to appeal to any more complex social learning processes to explain other instances of imitative learning in animals. It is worth highlighting the fact that there are conditions under which the analysis that we have described would not anticipate imitative learning effects of the sort described in Experiments 2 and 3: when there is no good reason to suppose that the sight of a demonstrator performing a response will activate a motor program in the observer that can affect a response that is similar to that being executed by the demonstrator. One instance in which these conditions would obtain is when the to-be-imitated responses are novel (see Thorpe, 1956 ) and there will not have been the opportunity for a memory of the sight of a demonstrator performing the response to have become linked to any of the observer's motor programs. Another instance in which these conditions would be met is when the to-be-imitated responses are already part of an observer's behavioral repertoire (e.g., using the left or right foot to activate the panel) but there has been no opportunity for the sight of the demonstrator performing one or other of these responses to have become linked to the corresponding motor program in the observer. Well-controlled demonstrations of this sort are rare (see Moore, 1992) and are beyond the scope of the analysis presented here.
